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A vehicular lamp including a first LED light source that
faces the back of the lamp so that its light is reflected
forward of the lamp by a reflector, thus providing soft
lighting due to an indirect lighting effect, the lamp further
including a second LED light source that is disposed, so as
to face the front of the lamp, on the front side of a circuit
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(21) Appl. No.: 10/625,425 member that covers the circuit board is disposed on the front
side of the second LED light source, and the cover member
(22) Filed: Jul. 23, 2003 is formed with diffusion lens elements, thus allowing light
from the second LED light source to be diffused and
(30) Foreign Application Priority Data transmitted forward of the lamp and letting a portion of the
lamp, which corresponds to the second LED light source, to
Jul. 24,2002 (JP) e 2002-214724 appear brilliantly.
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VEHICULAR LAMP

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a vehicular lamp
having an LED (light-emitting diode) light source.

[0003] 2. Prior Art

[0004] Recently, vehicular lamps with an LED light
source have been widely adopted. In the vehicular lamp
disclosed in Japanese Patent Application Laid-Open (Kokai)
No. 2001-332104, LED light sources are arranged so that
they are not seen from the outside of the lamp and light from
the LED light sources is reflected forward of the lamp by a
reflector.

[0005] By adopting such a configuration, the lamp pro-
vides a soft lighting effect due to indirect lighting effect.

[0006] In the vehicular lamp that uses only the indirect
lighting effect as mentioned above, however, there are
problems. The lamp when lit emits light somewhat in a flat
manner, and the lamp does not appear to emit light from
deep inside. Further, a sufficient light emission amount
cannot be ensured.

SUMMARY OF THE INVENTION

[0007] The present invention is made in view of the
foregoing circumstances, and it is an object of the present
invention to provide a vehicular lamp in which the lamp
appears as if it emits light from deep inside and a sufficient
light emission amount is ensured.

[0008] More specifically, the present invention accom-
plishes the above-described object by a structure that
includes an LED light source which is for direct lighting and
a cover member as well as an LED light source which is for
indirect lighting.

[0009] The above object is accomplished by a unique
structure of the present invention for a vehicular lamp that
includes at least one first LED light source provided to face
the rear of the vehicular lamp and a reflector that reflects
light from the first LED light source forward of the vehicular
lamp; and in the present invention:

[0010] atleast one second LED light source that faces
the front of the vehicular lamp is provided near the
front side of a circuit board that supports the first
LED light,

[0011] a transparent cover member is provided near
the front side of the second LED light source so as
to cover not only a circuit board that supports the
second LED light source but also the circuit board
that supports the first LED light source, and

[0012] a plurality of diffusion lens elements that
diffuse and transmit light from the second LED light
source are formed on the cover member.

[0013] The “second LED light source” is arranged in a
complete back-to-back relationship with the first LED light
source, and it can be arranged also to be offset from the
position of the first LED light source.
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[0014] The “diffusion lens elements” can be provided on
the front side, the back side, or on both sides of the cover
member. The specific configurations of each one of the
“diffusion lens elements,” such as the outer shape, surface
shape and arrangement thereof is not particularly specified
as long as the diffusion lens elements diffuse and transmit
the light from the second LED light source.

[0015] As described above, in the vehicular lamp of the
present invention, light from at least one first LED light
source that is arranged to face the back of the lamp is
reflected forward of the lamp by the reflector; at least one
second LED light source is provided near the front side of
the circuit board that supports the first LED light source, and
a transparent cover member that covers the circuit board that
supports the second LED light source and the circuit board
that supports the first LED light source is provided near the
front side of the second LED light source. In addition, the
cover member is formed with a plurality of diffusion lens
elements that diffuse and transmit light from the second LED
light source. With this structure, the vehicular lamp of the
present invention has several advantages.

[0016] First, since the light from the first LED light source
is radiated forward of the lamp by being reflected by the
reflector, the lamp provides soft lighting by indirect lighting
effect. On the other hand, since the light from the second
LED light source is radiated forward of the lamp as direct
light transmitted through the plurality of diffusion lens
elements of the cover member, a portion of the lamp that
positionally correspond to the second LED appears bril-
liantly. However, since the position where the lamp appears
brilliantly is at a distance from the reflector on the front side
of the lamp, the lamp appear when lit in a stereoscopic
manner, as if the light is coming from deep inside the lamp.
Further, a sufficient light emission amount is ensured since
light from both the first and second LED light sources is
radiated toward the front of the lamp.

[0017] As scen from the above, according to the present
invention, a vehicular lamp provided with LED light sources
appears, when lit, as if it emits light from deep inside, and
a sufficient light emission amount is ensured.

[0018] Further, since the cover member formed with a
plurality of diffusion lens elements is employed, when the
lamp is not lit, the presence of not only the second LED light
source but also the first LED light source is hardly notice-
able. Thus, it is difficult to expect the manner in which the
lamp illuminates, and the manner in which the lamp appears
changes unexpectedly when the lamp is turned on and off.

[0019] In the above-described structure, though separate
circuit boards can be used for the first LED light source and
for the second LED light source, a common or single circuit
board can be used for both first and second LED light
sources. This can reduce the number of parts and keep the
space for the first and second LED light sources small.

[0020] Also, in the above-described structure, a plurality
of first and second LED light sources can be provided in the
same direction (for instance, in the vertical direction), and
the cover member that has a substantially U-shaped cross
section is provided so that it extends in the direction in
which the first and second LED light sources are arranged
(for instance, in the vertical direction). With this structure, a
further increased light emission amount is obtained, and the
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circuit board for the first and second LED light sources can
be formed in a simple rectangular shape.

[0021] Furthermore, the reflective surface of the reflector
can be divided into two reflecting areas on both sides of a
boarder line that extends substantially in parallel with the
arrangement direction of the first and second LED light
sources, and each of the reflecting areas can be further
divided into a plurality of sub-reflective surfaces for each
one of the first LED light sources. With this structure, light
from each one of the first LED light sources can be con-
trolled appropriately by the sub-reflective surfaces which are
located on both sides of the LED light source, and more light
flux toward the front of the lamp is ensured. Also, since each
one reflecting area is divided into the plurality of sub-
reflective surfaces for each one of the first LED light
sources, each first LED light source illuminates twice as
much on both sides of the cover member due to the sub-
reflective surfaces.

[0022] In addition, by way of arranging the first and
second LED sources alternatively along the arrangement
direction thereof, when the lamp is viewed from the front, a
portion where the lamp illuminates to provide a soft lighting
effect and a portion that illuminates brilliantly appear alter-
natively. Thus, the lamp has unprecedented novelty in
design.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 is a front elevational view of the vehicular
lamp according to one embodiment of the present invention;

[0024] FIG. 2 is a cross sectional view taken along the line
II-1I in FIG. 1;

[0025] FIG. 3 is a cross sectional view taken along the line
MI-I1T in FIG. 1;

[0026] FIG. 4 is a perspective cross sectional view of the
vehicular lamp with its translucent cover removed; and

[0027] FIG. 5 is a front elevational view of the vehicular
lamp with its first and second LED light sources being lit.

DETAILED DESCRIPTION OF THE
INVENTION

[0028] A description of the preferred embodiments of the
present invention will be given below with reference to the
accompanying drawings.

[0029] As seen from FIGS. 1 through 3, the vehicular
lamp 10 of the shown embodiment is a tail lamp that is
mounted at a rear end portion of a vehicle, and it has four
first LED light sources 12A, three second LED light sources
12B, a reflector 14 that reflects light from each of the first
LED light sources 12A forward of the lamp (that is, rearward
of a vehicle, the same terminology is applied in the follow-
ing description), and a red translucent cover 16 provided on
the reflector 14 at the front side of the lamp. The reflector 14
and the translucent cover 16 form a lamp chamber.

[0030] In this vehicular lamp 10, the first LED light source
12A provided at four locations and the second LED light
source 12B provided at three locations illuminate simulta-
neously.

[0031] As seen from FIG. 4 that shows the vehicular lamp
10 without the translucent cover 16, the first LED light
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sources 12A are arranged in the vertical direction at equal
intervals so that light of the first LED light sources 12A is
radiated rearward of the lamp. Each of the first LED light
sources 12A is supported by a circuit board 18 (see FIG. 3)
that extends in the vertical direction. The circuit board 18
has a vertically-long rectangle shape and is secured to a
circuit board supporting member 20.

[0032] The second LED light sources 12B are also
arranged in the vertical direction at equal intervals so that
light of second LED light sources 12B is radiated forward of
the lamp. The second LED light sources 12B are arranged
vertically, and each one of them is provided between the first
LED light sources 12A (see FIG. 3). Each second LED light
source 12B is secured also to the circuit board 18.

[0033] A cover member 22 that covers the circuit board 18
is, as best seen from FIG. 2, provided near the circuit board
18 so as to be on the front side of the lamp. The cover
member 22 is a synthetic resin molded product and has a
substantially U-shaped horizontal cross section. The mem-
ber 22 is secured to the circuit board supporting member 20
so that its straight side portions 22b are directed in the
front-rear direction of the lamp 10. As seen form FIG. 3,
upper and lower end portions of the circuit board supporting
member 20 and the cover member 22 are respectively fixed
to a positioning concave portion 14¢ provided on upper and
lower walls 14b of the reflector 14.

[0034] A plurality of diffusion lens elements 22s are
provided entirely over the front surface 22a of the cover
member 22. With these diffusion lens elements 22s, light
from each one of three second LED light sources 12B is
transmitted and diffused forward of the lamp. Each diffusion
lens element 22s is a convex lens allocated in each one of the
segments that are finely defined in a lattice-like manner.

[0035] The reflective surface 14a of the reflector 14 is, as
best seen from FIG. 2, divided into two reflecting areas 14al
and 1442 so that these areas are located on right and left
sides of a boarder line BL that extends in the vertical
direction of the reflector 14. The boarder line BL is posi-
tioned exactly behind an imaginary vertical line that con-
nects four first LED light sources 12 A, so that the irradiation
angle from each of the first LED light sources 12A is evenly
divided into two sections in the lateral (right and left)
direction. The reflecting areas 14al and 1442 are laterally
symmetrical in shape with respect to the boarder line BL.

[0036] Furthermore, as best seen from FIGS. 3 and 4,
each of the reflecting areas 1441 and 1442 is divided
(horizontally) into a plurality of (four in the shown embodi-
ment) sub-reflective surfaces 14s so that each sub-reflective
surface 14s positionally corresponds to each one of the first
LED light sources 12A.

[0037] More specifically, each one of the plurality of
sub-reflective surfaces 14s has the same configuration.
Namely, the outer shape of each of the sub-reflective sur-
faces 14s is, as best seen from FIG. 4, horizontally-long
rectangle when viewed from the front of the lamp. Each one
of the sub-reflective surfaces 14s has a concave surface that
has a larger curvature than a paraboloid of revolution whose
focal point is each one of four first LED light source 12A
while taking a light axis Ax that extends in the longitudinal
direction through each first LED light source 12A as the
central axis. With this configuration of the sub-reflective
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surfaces 14s, light from each of four first LED light sources
12A is converged in the vertical and lateral directions once
and then diffused to reflect forward of the lamp.

[0038] FIG. 5 shows the vehicular lamp 10 with its first
and second LED light sources 12A and 12B lit.

[0039] As seen from FIG. 5, when the vehicular lamp 10
with its first and second LED light sources 12A and 12B lit
is viewed from the front, not only each sub-reflective surface
14s of the reflective surface 14a of the reflector 14 but also
the front portions of the cover member 22 that correspond to
the second LED light sources 12B appear to illuminate.

[0040] In this case, since each sub-reflective surface 14s
has a concave surface as described above, the sub-reflective
surface 14s appears, as an illuminating portion B 1, to
provide a soft lighting effect that has a relatively wide scope
around the center thereof. On the other hand, since the cover
member 22 has the diffusion lens elements 22s on its front
surface 224, the cover member 22 appears, as a plurality of
illuminating portions B2 distributed around the positions
right in front of each first LED light source 12, to emit light
brilliantly at the frontal portion of each of the second LED
light sources 12B by the light diffused and transmitted from
each of the diffusion lens elements 22s.

[0041] Even when the lamp is viewed from a slightly
offset or shifted position, each sub-reflective surface 14s
appears to be lit around a portion that is offset from the
central portion thereof according to the amount of shift of
the view point. On the other hand, the frontal portion of each
second LED light source 12B appears, through the cover
member 22, to be lit around the portion that is offset from the
position right in front of the first LED light source 12
according to the amount of shift of a view point.

[0042] As described in detail above, in the vehicular lamp
10 of the shown embodiment, light from the plurality of first
LED light sources 12A that are disposed to face the back of
the lamp is reflected forward of the lamp by the reflector 14,
the second LED light sources 12B are disposed near the
circuit board 18, which supports the first LED light sources
12A, so as to face the front of the lamp, and the transparent
cover member 22 that covers the circuit board 18 is provided
near the front side of the second LED light sources 12B. In
addition, the cover member 22 is formed with a plurality of
diffusion lens elements 22s that diffuse and transmit light
from the second light sources 12B. Accordingly, the vehicu-
lar lamp 10 has such advantages as described below.

[0043] Since the light from the first LED light sources 12A
is radiated forward of the lamp by being reflected by the
reflector 14, the lamp appears to provide soft lighting by an
indirect lighting effect. On the other hand, since the light
from the second LED light sources 12B is radiated, as direct
light, forward of the lamp through the plurality of diffusion
lens elements 22s of the cover member 22, some portions of
the lamp (that correspond to the second LED light sources
12B) appears to illuminate brilliantly. In addition, since the
portion that illuminates brilliantly is at a distance from the
reflective surface 14a of the reflector 14 on the front side of
the lamp, the lamp appears to illuminate in a streoscopic
manner. Thus, the lamp appears to be lit from deep inside.
Furthermore, since the light from the first LED light sources
12A and the light from the second LED light sources 12B are
both radiated forward of the lamp, a sufficient light emission
amount is ensured.
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[0044] Further, since the cover member 22 has a plurality
of diffusion lens elements 22s, when the lamp is not lit, the
presence of not only the second LED light source 12B but
also the first LED light source 12A cannot be seen from the
outside of he lamp. Thus, the manner in which the lamp
illuminates when it is lit is difficult to expect, and the manner
in which the lamp appears can change unexpectedly when
the lamp is turned on and off, thus enhancing the novelty of
the lamp design.

[0045] Further, the circuit board that supports the first
LED light source 12A and the circuit board that supports the
second light source 12B are the common circuit board 18.
Accordingly, the number of parts is reduced, and a space
necessary to arrange the first and second LED light sources
12A and 12B can be minimized.

[0046] In addition, since the first and second LED light
sources are arranged vertically in lines, and the cover
member 22 having a substantially U-shaped cross section is
provided so as to extend in the vertical direction, the light
emission amount of the lamp is high, and the circuit board
18 for the first and second LED light sources 12A and 12B
can be formed in a simple rectangular shape.

[0047] In the shown embodiment, the reflective surface
144 of the reflector 14 is divided into two reflecting areas
1441 and 1442 on both sides of the boarder line BL, and
each of the reflecting areas 14a1 and 1442 is divided into a
plurality of sub-reflective surfaces 14s so that each sub-
reflective surface 14s positionally corresponds to each one
of the first LED light sources 12A. Accordingly, light from
each first LED light source 12A can be appropriately
reflected by each sub-reflective surface 14s on both sides of
the light source, and a larger amount of light flux is assuredly
directed toward the front of the lamp. Furthermore, since
each one of the reflecting areas 14al and 1442 is divided
into a plurality of sub-reflective surfaces 14s for each one of
the first LED light sources 12A, the first LED light sources
12A, when viewed from the front of the lamp, appear to be
lit twice as much by the sub-reflective surfaces 14s on both
sides of the cover member 22.

[0048] Particularly, in the above embodiment, since the
border line BL on the reflective surface 14a is positioned so
as to divide the irradiation angle of each one of the LED light
sources 12 into two (right and left) sections, the reflecting
areas 14al and 1442 on both sides of the boarder line BL
appear with equally intensive of light.

[0049] Moreover, since each one of the sub-reflective
surfaces 14s of the reflecting areas 14a1 and 1442 converges
light from each one of the first LED light sources 12A
vertically and laterally once and then diffuses it, the light
reflected from the sub-reflective surfaces 14s is prevented
from being directed toward the circuit board 18, the circuit
board supporting member 20, or the cover member 22.
Accordingly, a loss in light flux of the reflected light is
prevented.

[0050] Also, in the shown embodiment, since the first and
second LED light sources 12A and 12B are disposed alter-
nately in the vertical direction, the portion that illuminates
brilliantly and the portion that provides a soft lighting effect
are disposed alternately when the lamp is viewed from the
front. The lamp, when it is lit, has unprecedented novelty in
lamp design.
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[0051] Though the reflector 14 and the translucent cover
16 form the lamp chamber in the embodiment described
above, another type of lamp configuration can be made. For
instance, the reflector can be provided inside a lamp cham-
ber that is made by a lamp body and a translucent cover. In
this structure, too, the same effects as that of the above-
described embodiment are obtained.

[0052] Also, in the above embodiment, the description is
made on the vehicular lamp 10 which is a tail lamp.
However, the same effects as that of the above-described
embodiment can be obtained for other types of vehicular
lamps such as a stop lamp and a clearance lamp as long as
the same configuration as that of the above-described
embodiment is employed. For instance, when a tail and stop
lamp is the vehicular lamp 10, then only the first LED light
sources 12A are lit in its tail lamp illumination mode, and
both the first and second LED light sources 12A and 12B are
lit simultaneously in its stop lamp illumination mode.

1. Avehicular lamp comprising at least one first LED light
source provided so as to face a rear of said vehicular lamp
and reflector that reflects light from said first LED light
source forward of said vehicular lamp, said vehicular lamp
further comprising:

at least one second LED light source that faces a front of
said vehicular lamp, said second LED light source
being provided near a front side of a circuit board that
supports said first LED light,

a transparent cover member provided near said front side
of said second LED light source, said transparent cover
member covering circuit board that supports said sec-
ond LED light source and said circuit board that
supports said first LED light source.

2. A vehicular lamp according to claim 1, wherein a
plurality of diffusion lens elements formed on said cover
member so as to diffuse and transmit light from said second
LED light source.

3. A vehicular lamp according to claim 1, wherein a
common circuit board is used for said circuit board that
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supports said first LED light source and for said circuit board
that supports said second LED light source.

4. A vehicular lamp according to claim 3, wherein said
first and second LED light sources and respectively disposed
at a plurality of location in a same direction, and

said cover member has a substantially U-shaped cross
section and is provided so as to extend in an arrange-
ment direction in which said first and second LED light
sources are disposed.

5. A vehicular amp according to claim 4, wherein a
reflective surface of said reflector is divided into two reflect-
ing areas by a boarder line that extends substantially in
parallel to said arrangement direction, and each of said
reflecting areas are divided into a plurality of sub-reflective
surfaces for each of first LED light sources.

6. A vehicular lamp according to claim 5, wherein said
first and second LED light sources provided alternatively
along said arrangement direction.

7. A vehicular lamp according to claim 6, wherein a
plurality of diffusion lens elements formed on said cover
member so as to diffuse and transmit light from said second
LED light source.

8. A vehicular lamp according to claim 1, wherein

said first and second LED light sources and respectively
disposed at a plurality of location in a same direction,
and said cover member has a substantially U-shaped
cross section and is provided so as to extend in an
arrangement direction in which said first and second
LED light sources are disposed.

9. A vehicular amp according to claim 8, wherein a
reflective surface of said reflector is divided into two reflect-
ing areas by a boarder line that extends substantially in
parallel to said arrangement direction, and each of said
reflecting areas are divided into a plurality of sub-reflective
surfaces for each of first LED light sources.

10. A vehicular lamp according to claim 9, wherein said
first and second LED light sources provided alternatively
along said arrangement direction.
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